. In our solubility measurements, the equilibrium was attained from the direction of 20 supersaturation. In the experimental design, we used Fe2(OH)3Cl (pure iron end member of 21 hibbingite) as the starting material. When Fe2(OH)3Cl was in contact with solutions without 22 background concentrations of chloride, it was completely converted to Fe(OH)2(cr).
23
The stability constant of FeB(OH)4 + is expected to find applications in many areas 24 of study. The formation constant for the ferrous iron borate complex, FeB(OH)4 + , is not 33 known (Bassett, 1980) . In a critical review by Bassett (1980) , there is a formation 34 constant for the ferric iron borate complex, FeB(OH)4
2+
, where the oxidation state for 35 iron is +III, but there is no formation constant for FeB(OH)4 + . The species FeB(OH)4 + is 36 expected to be important in reducing environments. Hence, the presence of FeB(OH)4 + 37 has relevance for many areas of study. 38
For instance in the early history of the Earth, before 2.4-2.3 billion years ago (2.4-39 2.3 Ga), oxygen was poor in the atmosphere (Holland, 1999) , and therefore the ocean was 40 anoxic, and iron was present as ferrous iron, i.e., Fe 2+ (Pufahl and Hiatt, 2012) . Based on 41 boron isotope data and geological context, it has been inferred that ancient water bodies, 42 such as oceans, were borate-rich, allowing evaporitic borate precursors to form before 2.1 43
Ga (e.g., Grew et al., 2011). The aqueous iron-borate complex, FeB(OH)4 + , could have 44 played an important role in transporting iron in ancient, anoxic water bodies. 45
Another example is in the field of nuclear waste management. Waste containers 46 made of low-carbon steel, and in contact with water, or brine, are expected to corrode, 47 and may develop anoxic conditions, releasing ferrous iron in the near-field of a 48 geological repository. If the brine is in contact with the steel contains borate, ferrous iron 49 in solution can form FeB(OH)4 + . The borate may originate either from the geological 50 formation or from corrosion of borosilicate glass waste forms (possibly used to dispose of 51 high level nuclear waste [HLW] ). This iron aqueous complex could be a strong complex 52 and therefore compete with the formation of other borate complexes, sequestering free 53 borate in the system. A good example application is described below for the Waste 54 All experiments, including synthesizing the starting material and preparing 86 supporting solutions, were conducted in a VAC® glovebox (Model: Omni-Lab) with an 87 anoxic control system. Anoxic conditions were maintained using a source gas of 5 % H2 88 (balance Ar) and O2 scrubber boxes manufactured by VAC®. The oxygen concentration 89 within the glovebox was maintained below 1 ppm, routinely around 0.2 ppm. Prior to 90 preparing solutions, deionized water (DI) with 18.3 MΩ was sparged with the anoxic-91 glovebox gas in the glovebox for a minimum of one hour. 92 93
Synthesis of Starting Material 94
In our synthesis of the starting material, Fe2(OH)3Cl, we followed a method 95 similar to that used in our laboratory before, as described in Nemer et al. (2011) . In the 96 synthesis, we first dissolved 48 grams of FeCl2•4H2O(s) (Fisher Scientific, ACS grade) 97 into 100 mL degassed DI water. Second, we dissolved 41 grams of NaOH(s) (Fisher 98 Scientific, ACS grade) into 60 mL degassed DI water. Third, 26 mL of the NaOH 99 solution described above was transferred into the FeCl2 solution described above by using 100 a graduated cylinder. Then, 26 mL of degassed water was used to rinse the graduated 101 cylinder used in the previous step. The rinsed solution was also transferred into the 102 above FeCl2 solution. Finally, the plastic bottle containing the FeCl2 solution was doubly 103 wrapped with Teflon tape, first on the thread, and then on the lid. We shook the bottle 104 well before storing it. After some time (in this case, about a year), the precipitate was 105 filtered out. 106
In the filtration process based on gravity, after the filter paper and filtering 107 apparatus was set-up, the slurry containing the precipitate was poured into the filtering 108 apparatus, and the bottle was rinsed thoroughly with DI water until the bottle was clear. 109
The rinsing DI water was also poured into the filtering apparatus. The solid was washed 110 several times. The slurry was left on the filtering apparatus for a few days to ensure that 111 the solid was completely filtered and to allow drying of the solid. In the filtration 112 process, we tried two types of filter papers. We first used #40 Whatman® filter paper. 113
However, the filtrate looked cloudy after filtration for two hours. Therefore, the filtrate 114 was collected and poured back into the filtering apparatus to make sure that no 115 Fe2(OH)3Cl was lost. Then we used Millipore-Isopore® membrane 1.2 m filter paper. 116
This filter paper was better, as the filtrate was very clear. 117 Chloride concentrations were determined with a DIONEX ion chromatograph 142 (IC) (DIONEX IC 3000) with a conductivity detector. 143
The final measurements for this study included iron, chloride, boron, and 144 hydrogen ion molal concentration data. 145
Solid phases were analyzed using a Bruker D8 Advance X-ray diffractometer 146 with a Sol-X detector, before and after experiments. XRD patterns were collected using 147
CuK radiation at a scanning rate of 1. Experimental results are tabulated in Table 1 . In Figure 1 , the XRD patterns are 151 presented. In the lower portion of Figure 1 , it is shown that the starting material is 152 conducted in that work. In the case of Fe(OH)2(cr), it seems that the steady state was 165 attained starting from, or after, the second sampling (i.e., 108 days, see Table 1 ), when 166 the evolution of iron concentrations and the solubility quotients as a function of 167 experimental time described below are taken into consideration. 168
In Figure 3 , molalities of dissolved ferrous iron as a function of experimental time 169 are presented. It shows that the iron concentrations in the first sampling (i.e., 37 days) 170 are much higher than those in the rest of the samplings, indicating that the system was 171 still oversaturated with respect to Fe(OH)2(cr). This is similar to the evolution of 172 magnesium concentrations and solubility products. 173
In Figure 4 , the solubility quotients in logarithmic units are plotted versus 174 experimental time. In the pHm range of our experiments, Fe 2+ is the dominant species. 175
The dissolution reaction for Fe(OH)2(cr) can be generally expressed as follows, 176 sampling. In our previous work on Fe(OH)2(cr) from the direction of undersaturation, the 183 steady state was attained no later than 94 days (Nemer et al. 2011) . Combining this work 184 on Fe(OH)2(cr) from supersaturation in the presence of borate with our previous work on 185 Fe(OH)2(cr) from undersaturation without borate, we infer that the reversal for the 186 solubility of Fe(OH)2(cr) was attained in ~100-200 days. This time scale is similar to that 187 for the solubility of brucite, which attained the reversal at ~83 days (Xiong, 2008 Based on the modeling, the equilibrium constant for Reaction (5) is determined to 234 be 3.70 ± 0.10 (2) in 10-based logarithmic units (Table 2) . In Figure 5 respectively. In the extrapolation to infinite dilution, the ionic strength on a molar scale 247 is converted to one (i.e., 0.72 mol•kg -1 ) on a molal scale by using the density equation for 248 KNO3 from Sőhnel and Novotný (1985 The equilibrium constant for Reaction (7) 
